Social proximity test
Two non-cagemate mice were placed in a transparent, rectangular chamber (7 cm x 14 cm x 20 cm) that was positioned under dim red light for 10 min. The behavior of mice in the chamber was video-recorded and analyzed by an observer who was blinded to genotype. The following behaviors were scored for each separate occurrence: nose tip-to-nose tip contact; noseto-head contact; nose-to-anogenital contact; crawl over (head crosses the midline of the dorsal surface of the other mouse); crawl under (head crosses the midline of the ventral surface of the other mouse); and rearing behaviors (mouse displays a reared posture that orient towards the other mouse with head and/or vibrissae contact).
Three-chamber social preference test
Social preference was assessed using a transparent, plastic, three-chamber apparatus (25 cm × 25 cm × 25 cm), that had doors located between the center chamber and the left and right chambers 1 . Mice were habituated to the apparatus for 25 min 24 h prior to testing and immediately prior to testing. During habituation, the mouse was allowed to first explore the center chamber for 10 min. Next, the doors were opened and the mouse was allowed to explore all three chambers for 15 min to detect any innate preferences for the left or right chambers. The habituation was performed a second time immediately prior to testing. Immediately after habituation, a transparent plastic cylinder (11 cm D ×20 cm H) with small perforations for scent transmission was placed in both the left and right chambers. A conspecific was placed in one of the cylinders and a novel object (e.g. toy car) was placed in the other. The conspecific was habituated to the perforated cylinder for 15 min immediately prior to testing and 24 h before testing. The test mouse was then placed in the center chamber and allowed to explore all 3 chambers for 15 min. Each test session was video-recorded and were scored manually by an observer. Normal social preference was defined as more time spent in the chamber that contained the conspecific, rather than the chamber that contained the novel object.
Ultrasonic vocalizations
When neonatal mice are separated from the dam, they emit ultrasonic vocalizations (USVs) to elicit maternal retrieval. USVs were studied on postnatal days 6 to 8. 2, 3 Each pup was isolated from the dam for a total of 4 min and placed in a shallow plastic beaker (4cm diameter, 6
cm height) in a room that was illuminated by two 40 W red bulbs. The beaker was placed on a heating pad that was housed in a sound-attenuating chamber (40 cm × 25 cm × 30 cm).
Vocalization was recorded for 4 min at a sampling frequency of 250 kHz using an ultrasound detector D1000X (Pettersson Elektronik AB, Uppsala, Sweden), suspended 12 cm above the floor of the chamber. USVs were analyzed using Aviosoft Bioacoustics software (Glienickel/Nordbahn, Germany) by an observer who was blinded to the experimental conditions.
Pup retrieval test
On P6-8 the pups were separated from the dam and the sire for 3 min. Five pups were randomly scattered in the home cage at a location opposite to the nest. The dam was returned to the nest, and the time for retrieval of all five pups to the nest was measured by direct observation.
Self-grooming test 4
Animals were observed for a 10 min period in the center chamber of the three chamber apparatus and the time spent grooming was recorded.
Puzzle box test
Executive function was assessed using the puzzle box assay 4, 5 , which consisted of an illuminated start box (58 × 28 × 27.5 cm 3 ), and a dark, enclosed goal box (14 × 28 × 27.5 cm 3 ).
A doorway and an underpass connected the start box with the goal box, which allowed the animals to move between compartments. Mice were tested over a 3-day period with 3 trials per day; Day 1 (trials 1-3), Day 2 (trials 4-6), and Day 3 (trials 7-9). To assess problem-solving ability, the task was made more difficult each day by modifying the entrance to the goal box. On day 1, trial 1, the goal box was accessible through an open doorway and an unobstructed underpass. On day 1, trial 2, the doorway was closed and the goal box was accessible only through the underpass (problem solving). Trial 3 was conducted 2 min later. During trial 3 the doorway was closed and the goal box was accessible only through the underpass (short-term memory for underpass task). Trials 4-6 were conducted on day 2. During trial 4, the doorway was closed and the goal box was accessible only through the underpass (long-term memory for underpass task). During trial 5 the task was rendered more difficult as the doorway was closed and the underpass was obstructed with corncob bedding, requiring the mouse to burrow through the bedding to gain access to the goal box (problem solving). Trial 6 was performed 2 min after trial 5. During trial 6, the doorway was closed and the underpass was obstructed with corncob bedding (short-term memory for burrowing task). Trials 7-9 were conducted on day 3. During trial 7, the doorway was closed and the underpass was obstructed with corncob bedding (longterm memory for burrowing task). During trial 8 the difficulty was increased by obstructing the 5 underpass with a cardboard plug that the mouse had to remove to gain access to the goal box (problem solving). Trial 9 was performed 2 min after trial 8. During trial 9 the underpass with a cardboard plug that the mouse had to remove to gain access to the goal box (short-term memory for plug task). During the 2 min inter-trial intervals, animals were placed in a cage separate from their home cage. Long-term memory was assessed 24 hours after first exposure to the task; on day 2, trial 4, for the underpass task and on day 3, trial 7, for the burrowing task. Long-term memory for the plug task was not studied. During each trial, a maximum time of 5 min was allowed for the mouse to reach the goal box. Performance was video-recorded and the time for each animal to access the goal box, with all four paws in the compartment, was measured.
Open field test
To assess locomotion and anxiety, activity was measured in the open field test 5 . Each mouse was placed in a Plexiglass chamber (20cm × 20 cm × 45 cm), and movement was tracked for 30 min with infrared light beam sensors (Omnitech Electronics, Columbus, OH, USA). The total distance travelled, the time spent in the center of the field, and the time spent near the walls of the apparatus was measured.
Exome data from human ASD probands
The coding sequence of γ-aminobutyric acid (GABA) A receptor, α5 (GABRA5) on human chromosome 15 and Radixin (RDX) on human chromosome 11 was examined for coding sequence variants detected by next generation exome sequencing data from 396 Canadian ASD probands, as previously described 6 . All subjects and/or parents consented for the study approved by the Research Ethics Board at the Hospital for Sick Children. After exome capture using the 
Statistical analysis
Data were analyzed using an unpaired Student's t test to compare differences between groups or a two-way analysis of variance (ANOVA), with post-hoc Tukey's test applied, as appropriate. In cases where the assumption of normality was not met for one or more groups, the Mann-Whitney U test was used. Statistical significance was accepted at the level of p<0.05. All data were analyzed using GraphPad Prism software (GraphPad Software, San Diego, CA, USA).
